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THE WAGON AND THE ELEVATING GRADER 


AN ECONOMIC STUDY OF THE WAGON-ELEVATING GRADER COMBINATION IN THREE PARTS 


By J. L. HARRISON, Highway Engineer, U. S. Bureau of Public Roads 


PART I 


This is the fourth of a series of articles on the factors governing construction costs in the highway field. Other articles will be published 


from time to time. The 
engineers and to contractors. 


Bureau of Public Roads desires that the material presented in these articles shall be as helpful as possible to 
To that end discussion is cordially invited, either through the engineering press or through this magazine, 


and any contributions in amplification or in criticism of the facts or the deductions published, if tending to clarify the information pre- 
sented, to broaden the scope of this work, or to correct deductions thought to be erroneous, will be given appropriate consideration. 


N ANY consideration of the operation of the wagon- 
elevating grader outfit it is well to remember that 


tom-dump wagon hauled by two good horses and in 
charge of one driver will carry from 1.2 to 1.4 cubic 


the elevating grader is a digging and loading mechan- yards, and a 2-yard bottom-dump wagon with a driver 


ism, and that the wagon is a hauling mechanism. In 
such an outfit the two sty es of equipment perform 


wholly different functions. 
In this respect the elevat- 
ing grader outfit differs 
somewhat from the older 
forms of dirt-moving appa- 
ratus. Fresnoes and slip 
scrapers load with the same 
power that is used in haul- 
ing. The wheel scraper 
requires some additional 
power for loading—the 
snatch team—but uses no 
separate loading device. 
But in the wagon-elevat- 
ing grader outfit the grader 
is primarily a_ loading 
device and the production 
of the outfit as a whole is 
governed by this appa- 
ratus, for, obviously, no 
more material can be 
moved by the wagons than 
can be taken out and 
loaded by the grader. 

The elevating grader was 
devised for one purpose— 
to load wagons quickly and 
economically. The bot- 
tom-dump wagon is a 
much more efficient haul- 
ing device than either 
slips, fresnoes, or wheel 
scrapers. An ordinary slip, 
if well loaded, moves about 
one-fifth of a cubic yard 
per load, a fresno about 
one-third of a cubic yard, 
and a No. 2 wheeler about 
two-fifths of a cubic yard 
per load. To move these 
relatively small amounts, 
two horses and one man 
are required in the opera- 
tion either of a slip or a 
wheeler while it is engaged 
in haul. The commonly 
used 4-foot fresno employs 
one man and three horses. 
As compared with this, a 
standard 14-yard, bot- 
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of 2 cubic yards. 











HE elevating grader is an excavating and loading ma- 

IR chine depending upon wagons for hauling the mate- 

rial which it excavates. In this respect it differs 

from other types of grading equipment, such as slip scrapers, 

fresnoes, and wheel scrapers, which haul as well as excavate 
the earth. 

In presenting this study of the operation of the elevating 
grader-wagon combination the discussion has been divided 
into three parts; the first of which, dealing with the opera- 
tion of the grader and the various factors affecting its 
production, is published in this issue. 

Theoretically the capacity of an elevating grader is about 
5,000 cubic yards per 10-hour day. Yet many contractors 
obtain as little as 700 and few attain an average daily pro- 
duction of 1,000 cubic yards. ‘This wide difference between 
the theoretical and actual production is due to a number of 
losses, some of which are inherent in the machine itself or 
the working conditions and, therefore, are unavoidable. 
Others, however, can be eliminated by careful study and 
supervision. It is the purpose of this part of the article to 
explain the nature of these various losses and indicate what 
may be done to avoid them. 

The theoretical capacity of 5,000 cubic yards would be 
obtained if the grader operated continuously at a speed of 
334 feet per second without loss of time for a 10-hour day 
taking constantly a bite with a cross section of 1 square foot 
and loading all excavated material. 

In average practice failure to take a full bite reduces the 
capacity at once to 2,500 cubic vards. In part this is due to 
the inefficiency of the bull wheel which transmits power to 
the plow; in part it is due to the necessity of cutting to a 
level cross section which, when the original ground level 
slopes transversely, requires that a shallower bite be taken 
on the low side of the cut. 

Failure to operate at the possible speed of 334 feet per 
second also reduces the quantity of material excavated; and 
losses of excavated material back of the disk plow and over 
the sides of the elevating belt still further reduce the mate- 
rial loaded. The fact that the grader does not excavate 
when turning at the two ends of the cutting loop and time 
losses in exchanging wagons also subtract from the theoreti- 
cal capacity. 

The wagon-exchange losses are in large part avoidable 
by proper adjustment of the wagon supply to the length of 
haul and by requiring the drivers'to approach the grader in 
close order. With lax supervision the time required for the 
exchange is sometimes as high as 25 seconds. It is generally 
not less than 11 seconds; but it can reasonably be reduced 
to 5 seconds. 

Inefficient maintenance of the grader resulting in frequent 
breakdowns, and time lost in cleaning the belt and resting 
stock still further reduce the production; and these losses 
especially the first and third, are largely avoidable. 

The conclusion drawn from a careful analysis of all losses 
is that average production can be readily increased from 700 
cubie yards a day to at least 1,500 without change in the 
present design of the grader. By suitable modification of 
the machine along lines suggested a still greater increase 
would result. 
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and three horses can be loaded to its full rated capacity 
These quantities are net, that is, as 


measured in place, and 
while they are not always 
secured under ordinary 
operating conditions, a 
failure to secure them is 
generally due to indifferent 
supervision of the loading. 
But, to make effective use 
of this large advantage in 
carrying capacity, it is 
essential that a wagon be 
loaded quickly and_ eco- 
nomically. This is the 
function of the elevating 
erader and the success of 
the wagon-elevating grader 
combination depends on 
its attainment. 

As a digging and loading 
tool the elevating grader has 
its peculiar field, whichis the 
handhng of clay and loam 
in level to rather heavily 
rolling country. It is not 
well adapted to work in 
rugged country where the 
slopes are steep and changes 
in slope abrupt, and, if the 
existing cuts are deep, it 
can not be used to advan- 
tage where the work con- 
sists largely of widening old 
roads. Neither is it well 
adapted, as now commonly 
designed, for handling sand 
or for working over wet 
ground. Its best field is 
excavation on new location, 
particularly in those regions, 
as the Mississippi Valley, 
where the soils are deep and 
rock and bowlders are sel- 
dom encountered. It does 
not operate satisfactorily in 
cut-over land unless the 
grubbing is so thoroughly 
done that the larger roots 
are removed. 
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THE ELEVATING GRADER 


In princfple, the machine consists of a plow (generally 
a ae plow) so mounted on a heavy frame, which in 
turn is mounted on four wheels, that the spoil is dropped 
on a moving belt by which it is elevated to a height 
from which it can be dropped into a bottom-dump 
wagon. Power for driving the belt is picked up by a 
bull wheel! as the apparatus is hauled over the ground 
either by the 16 to 20 horses required to operate it ” 
or by a large tractor. The simple operation of raising 
the dirt from the ground to the height from which it 
must be dumped into the wagon requires from 3 to 6 
horsepower. As a mechanical device, any bull wheel 
is highly inefficient; so much so, in fact, that, installed 
on the elevating grader, it must pick up power at the 
rate of from 5 to 15 horsepower in order to supply the 
power needed to elevate the material produced by the 
plow. This matter is mentioned because it shows why 
this machine does not function properly in loose, dry 
sand and in wet ground, its lack of efficiency in such 
materials being due to the fact that they do not offer 
enough tractive resistance to enable the bull wheel to 
supply the power required in operating the belt. 
Doubtless, as the design of these machines is improved, 
the models in common use will be provided either with 
independent power plants for operating the elevating 
mechanism or, as in the case of the modern harvester, 
with connections that will make it possible to secure 
power by direct transfer from the prime mover. 


a@abab~abeab aba 82> LOADING DISTANCE 


b= WAITING POINTS BETWEEN LOADS 
X = TURN OF ELEVATING GRADER 
D= AVERAGE HAUL DISTANCE 
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Fic. 1.—Diagram of elevating grader and wagon operation 


As the engineer who is estimating a prospective 
project or a contractor who is working on a project 
with an outfit of this character, must view his elevating 
erader as an excavating machine and his wagon supply 
as a means of hauling the material excavated, his 
problem is automatically divided into three parts: (1) 
The production that his grader can secure; (2) the 
distance the earth must be hauled; and, (3), the wagon 
supply which must be provided in order to move this 
production over this distance. 


OPERATION OF THE GRADER 


As a basis for studying the production of the elevating 
orader, it may be noted that it is always worked in a 
loop, i. e., it is hauled back and forth over the area 
from which material is being taken. This loop is 
composed of a cut down one side of the area, a turn at 
the end of the cut, a cut up the other side, and another 
turn. (See Fig. 1.) Occasionally the lay of the work 
permits cutting on only one side of the loop; and no 
material is ever taken out on the turns. 

While working along the sides of the loop the operat- 
ing cycle consists of a period during which the elevating 
erader is moved forward taking out material, elevating 
it and depositing it in a wagon which moves alongside, 








1 Designs equipped with an independent power plant for the operation of the belt 
have been on the market for some years but are not in common use. 

2 The elevating grader is occasionally operated by as few as 12 horses but the result 
is unsatisfactory, as the normal demand for power when the belt is in full operation 
cspees the capacity of 12 ordinary horses, unless the rest periods between loads are 
ong. 


followed by a period during which the grader stops 
while the loaded wagon moves forward allowing another 
wagon to move in and take its place. The cutting 
operation when loading wagons is, therefore, a series of 
moves forward followed by periods of rest. When 
casting, no wagons are used and as a consequence the 
cutting operation between turns is continuous. The 
speed at which the grader is hauled varies somewhat 
as between different outfits, but for reasons that will 
appear later, should be at least 334 feet per second. 

The cross section of the cut taken out by the plow 
or disk also varies but, under favorable conditions, may 
be as high as 1 square foot. Table 1 shows typical stop- 
watch readings on loading time and miscellaneous data 
on a project where soil conditions were favorable. A 
load of 1.85 cubic yards is about 36.5 cubic feet. As, 
during this study, the grader was being hauled at the 
rate of 3.62 feet per second, slightly over 0.9 cubic foot 
of material was delivered to the wagons for each foot 
of run whenever the loading time dropped to 11 
seconds. Allowing for losses of material back of the 
disk, along the belt, and off the wagons, losses that in 
good loam are considerable, it is apparent that during 
this study the cross section at the disk was not infre- 
quently reaching a square foot. ‘This rate of loading is 
not uncommon if soil conditions are favorable, and 
may occasionally be slightly exceeded. However, it is 
not a common thing to find that it is maintained as 
an average for any considerable time or that it prevails 
during any large part of the work. It is rather to be 
viewed as a maximum and therefore as a convenient 
basis from which to calculate pertormance. 


THEORETICAL CAPACITY OF THE ELEVATING GRADER 


The amount that an elevating grader will deliver 
depends then on a number of things, but it will be 
apparent that if the cross section of the bite could be 
consistently maintained at 1 square foot and the 
speed at 334 feet per second, the output of the machine 
would reach the astonishing rate of 8.3 cubic yards per 
minute, or about 5,000 cubic yards per 10-hour day, 
which may be considered as the theoretical capacity 
of the machine. As many contractors secure a pro- 
duction of as little as 700 cubic yards per day and few 
indeed attain a daily average of 1,000 cubic yards, 
there is a wide difference between the theory, as here 
set down, and actual practice. This difference is caused 
by losses of one sort or another, and the very magni- 
tude of their cumulative effect suggests their study in 
some detail. 

It will be obvious, almost at a glance, that these 
losses must fall under one of three headings: (1) Failure 
to maintain the full cross section while cutting; (2) 
failure to maintain full speed while moving; and (3) 
time losses during the working period. 

It may be stated categorically that the full cross 
section of the bite can not be maintained in highway 
excavation. There are a number of reasons for this. 
In the first place the cross section of the bite is affected 
by the soil in which the apparatus is working. In 
light soil, if the traction is good, the cross section may 
slightly exceed a square foot. If the soil is heavy and 
comes off the disk in strips or ribbons, but the traction 
is good, an almost equally high rate of cutting may be 
had. But if the soil is such that it tends to clog the 
belt or if the traction is such that there is more or less 
shpping of the bull wheel—a very common condition— 
the cross section must be reduced to a point where the 
power that can be picked up by the bull wheel is 
sufficient to elevate the material produced. There is 
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also the fact that in many soils, particularly moist 
clay, the belt fouls badly and as a result tends to slip 
whenever the load is heavy. This condition works 
toward a reduction of the bite as whenever it exists 
the load delivered to the belt must be reduced to a 
point where the belt will function satisfactorily. 


EFFECT OF CROSS SECTION OF CUT ON PRODUCTION 


Moreover, the ground worked over is seldom level. 
When this condition prevails, as it does most of the 
time, even though the material is otherwise such that 
a full bite might be taken, it is customary to take a 
full bite only on one side, because the floor of the cut 
must be reached on a level cross section. The prac- 
tical result of this is shown in Table 1. Here (omitting 
all end loads because they are apt to be affected by 
tapering off) the loading time averaged slightly over 
12 seconds on one side as against 15 seconds on the 
other side—an increase of 25 per cent in loading time 
on the low side which of course reflects the smaller 
bite that caused it. 


TABLE 1.—Typical stop-watch readings on loading time, showing 
rapid loading, for 16-horse grader with eight 2-horse (14-yard) 
wagons 


Average load, 1.35 cubic yards. 

Average loading time, 14.9 seconds (343 readings). 
Average wagon-exchange time, 16 seconds (296 readings). 
Average grader speed, 3.62 feet per second. 

Average loading distance, 54 feet. 
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The manufacturers of elevating graders could 
reasonably consider a modification of the present 
design of these machines to enable more rapid lateral 
adjustment of the plow. With the present designs 
lateral adjustment is possible but the time required in 
making the adjustment is too great to permit of its 
free use. As a result, once the width of the bite is set 
the shaker can control directly only its depth, which 
he does by raising or lowering the plow. Consequently, 
as these machines are commonly operated, if the bite 
is set 10 inches wide and it is possible to make a cut 
14 inches deep on the high side, which will give a cross 
section of approximately 1 square foot, the cross section 
on the low side will be reduced in proportion to the 
amount which must be subtracted from the full depth 
of the bite in the interest of leveling, since no change 
is made in the width of the bite. As an illustration, 
if a cut 3.5 feet on one side and 2.5 feet on the other 
is to be taken out by standard methods in three levels, 
the difference between the amount of material secured 
per foot of run as between the high side and the low 
side will be about 30 per cent. 

If, however, instead of following the custom, the 
low is set for a bite wider than normal, the tractor can 
e driven a little farther from the bank on the high 

side, thus reducing the width of the bite to normal, and 
a relatively wide bite may be taken on the low side by 
merely driving the tractor in normal relation to the 


bank. The result of following this general practice 
is to secure a more nearly uniform, as well as a higher, 
average rate of bite and so a higher average rate of 
loading. This can be done if the prime mover is a 
caterpillar tractor, but when horses are used it is 
difficult of accomplishment. 

There is still, of course, the fact that in bringing a 
cut to grade the layers will taper longitudinally. 
This further complicates the problem for there must 
be, on this account, a selection of the length of run for 
each level and, in general, a tapering out of the bite 
(see Table 1) at the end of the run. Regardless of 
other conditions, therefore, it is not possible in high- 
way work either to secure a unform bite or consistently 
to secure a full bite, but the best shakers give much 
thought to keeping it as uniform and as large as possible, 
and the men who are successful in doing this are well 
worth the relatively high wages they receive. 


DEFECTS OF ELEVATING GRADERS 


It may be pertinent to mention in this connection 
that the substitution of tractors for horse-drawn equip- 
ment has been hindered by the inadequacies in the 
design of the elevating grader which have been noted 
above. The elevating grader was originally designed 
as a horse-drawn apparatus and as such has functioned 
quite satisfactorily. It also functions reasonably well 
with a large caterpillar tractor, for it is a valuable and, 
on the whole, an effective tool wherever it can be 
appropriately used. However, the full advantage of 
the caterpillar tractor as a prime mover will not be 
secured until the elevating grader is redesigned in some 
particulars. Basically, the weak points in this machine 
are the absolute dependence of its elevating mecha- 
nism on the bull wheel and the tendency of the belt to 
foul, which causes it to slip. The performance of the 
bull wheel depends on the nature of the material over 
which the machine is operated. It, therefore, follows 
that no matter how much power is available for haul- 
ing the grader and for taking out the large bite neces- 
sary if output is to be kept at a maximum, the bite, 
and therefore the output, is still dependent on the 
traction which the bull wheel has on the soil over which 
it is working, and the ability of the machine to trans- 
mit this power to the belt. The full advantage of the 
tractor as a prime mover will not be available to the 
contractor until the design of the grader is so modified 
in these particulars that the splendid power plant of 
the modern caterpillar tractor can be effectively util- 
ized in forcing the grader to pick up and elevate a full 
load without regard to soil conditions. 

The studies made by the bureau’s engineers show 
that under average working conditions a 14%-cubic 
yard bottom-dump wagon is loaded in about 75 feet 
(net load measured in place in the cut about 1.3 cubic 
yards). This indicates that as compared with a cross 
section of 1 square foot, which the machine can take 
out under good working conditions, the amount of 
material placed on the wagons averages a little less 
than 0.5 cubic foot per foot of run, indicating an effec- 
tive cutting cross section of slightly less than 0.5 square 
foot. In other words, the 5,000-cubic yards theoretical 
daily capacity of the machine is reduced by rather more 
than 2,500 cubic yards, partly because of general work- 
ing conditions, in no small degree because of basic 
inadequacies in the design of the machine itself, and to 
a considerable degree through inattention to that vitally 
important detail—the bite. The fact that so large a 
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art of the theoretical capacity of the machine can be 
ost in this way should serve to emphasize the neces- 
sity of giving the closest attention to the bite in order 
to insure, under all circumstances, the taking of the 
largest possible bite. 

This matter might be of less importance were it not 
for the fact that, to all intents and purposes, the ele- 
vating grader is a constant-speed machine. All of the 
studies made on horse-drawn equipment indicate that 
when working under load the speed of operation be- 
comes quite uniform. The same general observation 
applies to tractor-drawn equipment. The general prac- 
tice is to establish a working speed and then maintain 
that speed. Moreover the power output required of 
the horses is so high that there would be little possi- 
bility of increasing the speed to offset a deficiency in 
the amount of load taken per foot of run, even if other 
conditions made such a course possible. But, even if 
ample power were available, there is no possibility of 
securing any relief in this way because the grader must 
be operated within the speed at which a wagon can be 
hauled alongside for loading. Therefore the failre to 
take out a full bite causes a loss of time and so of out- 
put, which can not be compensated by faster moving. 
Indeed, this loss can not be regained by efficiency in 
any other part of the work. It is a dead loss. 


REDUCTION OF OUTPUT BY SLOW TRAVEL + 


The next point at which output is lost involves the 
speed at which the grader is moved. Later on in this 
article the speed at which the wagons are commonly 
operated will be discussed in some detail, but itmay be 
observed here that the ordinary walking speed of a 
team hauling a loaded wagon is from 240 to 250 feet 

er minute, or about 4 feet per second. The wagon 
ioe of an ordinary bottom-dump wagon is a little more 
than 6 feet long. Loading should begin as soon as the 
belt is clear of the driver and, while driving at normal 
speed, the wagon should gain enough on the grader to 
bring the belt over the back of the wagon by the time 
the load is finished. This requires the wagon to move 
about 4 feet farther than the grader during the loading 
period. This relationship will obtain if the wagon 
travels about a quarter of a foot per second faster than 
the elevating grader. The grader should, therefore, 
maintain a rate of travel of at leat 334 feet per second.’ 
This rate can be and is maintained by horse-drawn 
outfits employing 20 horses (see Table 2), but is not 
generally maintained by the standard 16-horse outfit. 

Caterpillar tractors normally maintain a speed of 
about 3 feet per second, which is about 25 per cent low. 
This defect 1s not traceable to any inadequacy in the 
power plant, but rather to poor governing, which it 
should be a very simple matter to remedy; but the 
effect is, nevertheless, to produce a direct loss in excess 
of 20 per cent in the rate of output, efficiency in other 
parts of the work being equal, for elevating graders of the 
design now in common use are not capable of handling 
any increased bite at this lower speed with which to 
compensate this loss. Therefore, the contractor who is 
operating his elevating grader at less than 384 feet per 
second owes his second loss in yardage to this loss, and 
this, like the loss due to a small bite, 1s one that can not 
be compensated by special efficiency in any other part 
of his work. 





§ This is based on the assumption that the bite will be maintained at a reasonably 
high average. If the average bite is small, the difference between wagon speed and 
grader speed should of course be correspondingly reduced, or, in other words, the 
speed of the grader should be slightly increased. 


TaBLE 2.—Typical grader speeds 





Study Number | Average 





Prime mover of study | grader 
periods! | speed 
Feet 
per sec. 
Oaterpillar tractor .5 joens- oe poo ewe ses Nebo ee ees e cake 13 14 2.9 
170 34 3.3 
18a 1 3. dk 
18) 20 2.8 
20 8 2.9 
23 10 3. 0 
Lé-Horese $a1Y4 = «ce acco dors ecw we ee ea eece bere a 13 18 2:2 
15 9 i BE) 
18 5 3 aaa | 
19 22 3.6 
21 3 Sos 
Za 6 2.8 
20-horsé Leal. =. 2. oases ce eee eee 18 5 3. 8 
Al 5 3.9 





1 The study period was generally 1 hour. 
TURNING LOSSES NOT TO BE OVERLOOKED 


The third item of loss is loss of time. This occurs 
at a good many points and in a good many ways. Of 
these the first is the turn at each end of the grader 
loop. The time consumed in making a turn may be 
taken as about 45 seconds and the loss of time due to 
this cause will run from over 60 per cent of the total 
time, if the cuts are so short that only one load can be 
taken on each side, to as little as 6 or 7 per cent as the 
cuts lengthen to 1,000 feet. If the turn could always 
be made as a half circle, it could be accomplished in 
from 30 to 35 seconds. ‘The fact is, however, that the 
length of productive run on the two sides of the loop 
is not always the same Where it is not the same the 
grader has a certain distance to travel on one side of 
the loop without taking out material. It is a matter 
of indifference whether the time required for this 
unproductive run is charged to miscellaneous losses or 
to turning time. In the bureau’s studies it has been 
charged to turning time because it occurs just before 
or just following the turns, and on this account the 
recorded turning time varies a good deal from project 
to project. In spite of this variation it appears rea- 
sonable to consider the turning time, including unpro- 
ductive run, at 45 seconds. With good superintendence 
and a fortunate arrangement of material in the cuts, 
this time may be bettered, but some cases will also be 
found where the lay of the material to be moved is 
such that the turn can not consistently be kept within 
this limit. 

While the time consumed is relatively large, the loss 
due to inefhiciency or carelessness in making turns is 
relatively small on most jobs. On some, however, it 
does amount to a good deal and can be avoided. As 
the grader is not under load while turning, the forward 
gig of a horse-drawn grader can be unhooked and driven 
around at a trot and the other horses may reasonably 
be forced to a speed somewhat greater than would be 
expected when traveling under full load. As between 
the 16-horse outfit which makes the turn without re- 
leasing the forward gig and allows the horses to turn 
at their pulling pace and the outfit on which the forward 
gig is removed and the balance of the outfit brought up 
to a lively walking pace, there is a difference of some 
seconds in the average turning time. 

If caterpillar tractors are used, the turning time is 
about the same as for horses. This is contrary to the 
general impression, but results from the fact that the 
radius of the turn is largely governed by the grader 
and the ground conditions rather than by the flexi- 


bility of the prime mover. In general, the tractor does 
turn the grader on a somewhat shorter radius than the 
horses, but as the tractor is ordinarily operated at a 
slower rate this saving is largely offset. On the other 
hand, the tractor in high gear can travel quite as fast 
as the horses even when driven at a rapid walk. It is 
so easy to shift the tractor into high gear that is is 
surprising to find that no effort is made to do so on 
the majority of the jobs. <A little time is taken in 
shifting gears, so the net saving is not large where 
only the turn is to be accomplished, but if there is in 
addition any considerable unproductive run, the saving 
is of more importance. Table 3 shows the turning 
time on a number of jobs. 


TABLE 3.—Time required to turn elevating graders 


: Study | Turning " 
Prime mover Wa; rena Remarks 
: Seconds 

Caterpillar tractor.....-- 13 56 | Slow work. 
14 60 | Long unproductive runs. 
185 48 | Normal. 
20 64 | Bad working conditions. 
23 48 | Normal. 
30 36 | Little unproductive run. 
3la 54 | An old worn-out machine, very slow. 
31d 48 | Normal. 

16-horse team. _.-...-_-- 13 59 | Slow work. 
14 65 | Long unproductive run. 
15 45 | Normal. 
18 44 ; Do, 
19 48 Do. 
21 44 Do. 
22 59 | Wet ground and slow outfit. 
40 44 | Normal. 

20-horse team.....____-- 18 49 | Operations a little slow. 
4] 43 | Normal. 











Turning time always is an important factor in output, 
but it is particularly so when cuts are short. Tables 
4 A,4B, and 4C show this quite clearly. If short cuts 
are common, the percentage of time spent in turning is 
relatively high and output falls off. If short cuts and 
short haul are combined with long cuts and long haul, 
to handle which a contractor carries a large number of 
wagons, his situation is particularly unfortunate. This 
matter will be more fully developed in another part of 
this article, but is here referred to in order to laystress 
on the fact that turning time is a factor which the con- 
tractor can not afford to overlook. It reduces the out- 
put which he can obtain on short cuts and is one of the 
reasons that ight work often fails to yield the expected 
profit and- that projects in localities where elevating 
graders are uncommon should be carefully scrutinized 
if it is the intention to use elevating graders in their 
execution. In such localities it is safe to assume that 
projects are designed for construction with other types 
of earth-moving equipment, and contractors accus- 
tomed to handling projects that have been designed for 
elevating graders may easily overlook the fact that the 
average length of cut and the relative amount of side 
borrow on a project designed for fresnoes and wheelers 
is likely to be quite different from the similar items on 
an elevating grader job. 

Another loss of time comes in loading the wagons. 
The time required to load a wagon depends on the cross 
section of the bite, the speed at which the grader is 
drawn, and the percentage of material that reaches and 
remains on the wagons. ‘The first two of these items 
have been noted and discussed above. The third, the 
percentage of material which is delivered to and re- 
tained on the wagons, while perhaps of minor import- 
ance, nevertheless is of sufficient significance to war- 
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TABLE 4.—EHffect of length of cut on output and on relation between 
turning time and working time 


A. AVERAGE MANAGEMENT WITH 1)44-CUBIC-YARD WAGONS 


[Loading distance, 75 feet; loading time, 23 seconds; exchange time, 18 seconds; 
time losses, 10 per cent] 


N. B.—A loading loop consists of a run down the cut, a turn, a run up the cut, and 
a second turn. In developing Tables 4 A, B, and C, a half loop—one run and one 
turn—has been used. By this device the “length of cut’? may be compared directly 
with plans for construction work. The output in loads per hour and the percentages 
of working time and time used in turning are the same as they would be if the whole 
loop were used. 









































| Time | 
ey | Per- Per. 
| | due to | | centage 
Num- Length Wagon- Lise Grader) break- | m+.) | Loads | of total ia 
ber of of cut loading changa'l turning) downs, | tra per time ae 
loads time | “yi 8¢ | time | rests, | hour | used in| 8t8¢er 
ne | : is at 
etc., turning) york 
10 per grader 
| cent | 
pes oes . So Sent ieee 
Feet | Seconds) Seconds| Seconds, Seconds: Seconds| Number| Per cent| Per cent 
| oe 75 Pee Vestn et | 45 | 7 75 | 48 60. 0 30. 6 
ae aes 150 46 i8 45] | 120 60| 37.5| 38.3 
225 69 36 | 45 | 15 165 65 27.3 41.8 
: ee 4 300 92 54 45 | 19 210 69 21.4 | 43.8 
ee ne 375 115 72 45 | 23 255 71 17.6 45. 0 
ee 450 138 90 | 45 | 27 300 72 15. 0 | 46. 0 
Ke ohn 525| 161 | 108 45 31| 345 73| 13.0| 46.7 
ee 600 184 126 | 45 36 391 74 11.5 | 47.1 
Chere 675 207 144 45|/ 40 436 74| 10.3] 47.5 
De a2 750 230 162 45 | 44 481 75 | 9,3 | 47.8 
1 HS ene 1,125 345 252 45 64 706 76 | 6. 4 | 48.9 
| ee 1, 500 460 342 45 | 85 932 77 4.8 | 49,4 











B. Good MANAGEMENT WITH 114-CUBIC-YARD WAGONS 


[Loading distance, 60 feet; loading time, 16 seconds; exchange time, 5 seconds; time 
losses, 5 per cent] 


























| » 
Sane 60 ig Ba. 45 3 | 64 56 70. 3 25. 0 
A 120 32 | 5 45 | 4 | 86 84! 52.4 37,2 
Wiveccaeee 180 48 10 45 B | 108 100 41.7 44,5 
, 240 64 | 15 45 6 130 lil 34, 6 | 49,2 
go ee 300 80 20 | 45 | Z| 152 118 29.6 52. 6 
i 360 96 | 25 45 | 8 174 124 25. 8 66.2 
eet 28 420 112 | 30 45 9 196 129 22.9 57.2 
eet ey 480 128 | 35 | 45 10 218 132 20. 6 58. 8 
Oe 540 144 40 | 45 | 11 240 135 18. 7 60. 0 
1 ake oe a 600 160 | 45 | 45 | 13 | 263 137 Vif 60. 9 
1Oiecrdhan al 900 240 | 70 | 45 18 | 373 145 12; 1 64, 4 
2} ee ee 1, 200 320 | 95 45 | ys | 483 149 9.3 66. 4 





C. Good MANAGEMENT WITH 2-CUBIC-YARD WAGONS 


[Loading distance, 90 feet; loading time, 24 seconds; exchange time, 5 seconds; time 
losses, 5 per cent} 























| Re 90 | Sew 45 4 73 | 49] 61.6 32.9 
Bi ne 180 | 48 5 45 5 103 70) 43.7 46. 6 
, eat 270 72 10 45 6 133 81} 33.8 54,1 
F Pigs 3 360 | 96 15 45 8| 164 98 | 27.41 58.5 
Be gocull | 460 120 | 20 45 9/| 194, 93 | 23,2 61.9 
Bicccete 540 144 | 25 45 11 225 | 96 | 20.0 64. 1 
aT ee! 630 168 | 30 45 12] 255°| 99| 17.6] 65.9 
ee ee 720 192 | 35 45 14) 286! 101 15.7 67.2 
ee eee 810 216 | 40 45 15| 316/ 103] 142] 684 
ae 900 240 45 45 17 347; 104| 13.0 69, 2 
7, ed 1, 350 360 | 70 45 24 499 108 9.0} 72.2 
1, 800 480 95 45 SL COL TE De itsf 73. 6 
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rant attention. Material is lost in important quanti- 
ties back of the disk, along the edge of the belt, and by 
spiling from the wagon. The first of these losses is 
sufficient to justify manufacturers In considering a 
more effective design, particularly around the lower 
end of the belt. Contractors often avoid some of the 
loss of material which takes place at this point by 
ylacing a steel plate over the rather wide opening 
hank of the disk. This simple expedient serves to 
save a good many loads of material during the course 
of a day’s work, particularly if the machine is working 
in light soil. No convenient method of measuring 
these losses has been devised, but from such observa- 
tions as have been made it appears that they may 
amount to from 5 to 10 per cent of the material taken 
out by the disk, particularly in ight loam and in sandy 
soils. 
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When the bite is such that wagons are loaded in 75 
feet, a grader speed of 3 feet per second results in a 
loading time of 25 seconds. If the grader speed 1s 334 
feet per second, the loading time is 20 seconds. The 
average loading time as determined by the studies 1s 
about 23 seconds. If the bite is increased so that a 
load can be had in 60 feet, and the grader speed is 
maintained at 334 feet per second, the loading time 
drops to 16 seconds. As a production of 600 to 700 
loads per day is quite common, the cumulative effect 
of slow loading is considerable. 


PROMPT EXCHANGE OF WAGONS ESSENTIAL 


Another important factor in any summary of time 
losses is the period during which wagons are exchanged 
at the grader. This exchange period averages about 
18 seconds (see Table 5). It includes the most con- 
spicuous and, perhaps, the most easily avoidable losses 
which the contractor encounters in elevating grader 
work. Theoretically, it is possible to exchange wagons 
in about 4 seconds, if the replacement wagon follows 
the loading wagon with the noses of the horses hard 
against the tailboard. From the horses’ heads to the 
back of the driver’s seat is about 14 feet and, allowing 
3 feet for the width of the belt, the replacement team 
has only to move about 17 feet to spot the next wagon 
which, at ordinary walking speed, requires a little over 
4 seconds. As a matter of observed practice (see 
Table 6C), the wagon exchange may be made within 
this time. As compared with this attainable exchange 
period, however, it is found that the exchange time is 
generally not less than 11 or 12 seconds over any ex- 
tended period, even though the wagon supply is ade- 
quate, and often when the wagon supply is inadequate 
the time required is much greater, as may be seen 
from Table 5. 


TABLE 5.—Effect of wagon supply on exchange time 
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The common failure to exchange wagons within 
a reasonable period, say within an average of 5 seconds, 
is due to a number of causes. Of these, the first is 
a positive inadequacy in the wagon supply. For the 
effect of this see Table 6A. Conversations with 
numerous contractors leave the impression that there 
is a surprising tendency to view the elevating grader as 
a piece of equipment which can be used to load a train 
of wagons—that is, that the wagon train is the basis on 
which calculations are made. The correct view, of 
course, 1s that the elevating grader is the primary tool 
and that the wagon supply should be selected to handle 
all the material the alte can be made to produce. 
If the wagon supply is madequate it is, of course, 


impossible to keep the exchange time down because the 
time spent in making an exchange is governed by the 
rate at which the wagons can be supplied to the grader. 

An equally important factor is the superintendence. 
The lack of good superintendence is quite as conspicuous 
on elevating grader work as in the operation of other 
types of earth-moving equipment. On the jobs studied 
it has been the rule rather than the exception to find 
replacement teams walking from 20 to 100 feet behind 
the wagons which they are to replace. If a team is 40 
feet behind its leading wagon, 10 seconds are required 
at the customary walking rate of 4 feet per second to 
reach the point from which the exchange should have 
begun; that is, the tailboard of .the loading wagon. 
These 10 seconds must be added to the 4 seconds which 
are required for the move forward from the tailboard of 
the loading wagon to the loading position. The larger 
part of the difference between the proper exchange time 
and the actual exchange time when the wagon supply 
is adequate is to be accounted for in just this way. 


TABLE 6.—Stop-watch readings of wagon exchange time 


A. SHOWING HIGH EXCHANGE TIME OCCASIONED BY INADE- 
QUATE WAGON SUPPLY WITH CONSEQUENT LOW PRODUCTION 


Wagon exchange | Wagon exchange 
time cutting time cutting 
toward dump | away from dump |} 


Wagon exchange 
time cutting 
away from dump 


Wagon exchange 
time cutting 
toward dump 




















Seconds Seconds Seconds Seconds 
15 sy 
15 11 15 14 
8 min. 50 sec.! 8 | 12 15 
1 32 15 12 7 min. 50 sec.! 
10 18 ING: 10 
15 | 20 25 
| 1min.0sec.) | 12 


1 





1 Grader waiting for wagons. 


Average wagon exchange time, 56 seconds; loading distance, 55 feet; number of 
loads per hour, 51; length of cut, 275 feet; wagon-haul distance, 1,600 feet. 


B. SHOWING UNNECESSARY DELAY IN EXCHANGE TIME WHEN 
CUTTING AWAY FROM DUMP OCCASIONED BY IMPROPER TURN- 
ING OUT OF LOADED WAGON 





Wagon exchange | Wagon exchange 
time cutting time cutting 
toward dump | away from dump 


Wagon exchange | Wagon exchange 
time cutting time cutting 
toward dump | away from dump | 





Seconds Seconds Seconds Seconds 
7 45) | 23 
8 26 | 6 23 
8 25 || 7 32 
fi 27) | ————-—- XO 
: s Average 7. 4 Average 26. 0 
3 











Length of cut, 660 feet; wagon-haul distance, 1,000 feet. 


C. SHOWING AVERAGE EXCHANGE TIME OBTAINABLE WITH 
GOOD MANAGEMENT 


Wagon exchange | Wagon exchange 
time cutting time cutting 
toward dump | away from dump 


Wagon exchange | Wagon exchange 
time cutting time cutting 
toward dump | away from dump 











Seconds Seconds Seconds Seconds 
6 6 4 5 
4 5 4 7 
4 4 6 5 
5 4 5 4 
5 5 
6 4 Average 4.9 Average 4.9 





That part not so accounted for is attributable to 
one of two causes. The first is the common failure to 
insist that the load shall be finished with the belt over 
the end of the wagon. If it is finished with the belt 
just back of the driver, it is hard to make the exchange 
in less than 6 seconds. The second is the manner in 
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which the loaded wagon is turned out when the grader 
is moving away from the dump. If while working in 
close quarters this turn is made before the replacement 
wagon is in loading position, the exchange takes about 
25 seconds. (See Table 6B.) If however, the loaded 
wagon is driven ahead at an angle until the replace- 
ment wagon can reach the loading position and then 
stands until the loading wagon and its replacement pass, 
the loss of time affects only the loaded wagon. The 
grader waits for the next wagon no longer than on the 
trip toward the dump. Figure 2 shows the correct 
turn and two incorrect turns. 
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Proper position of replacement wagon for prompt wagon exchange 


Improper position of replacement wagon for prompt wagon exchange 


It should be observed in this connection that if a 
contractor has supplied a wagon train with an elevating 
grader under the presumption that his exchange period 
will approximate 18 seconds and then, by careful super- 
vision, endeavors to reduce his exchange time to a 
correct average—5 seconds or under—he will find that 
he is more or less handicapped in doing this because 
saving nearly a quarter of a minute per load by the 
reduction of his exchange time will at once create a 
deficiency in the wagon supply. This is mentioned 
because it has been observed that contractors who 
have endeavored to reduce the exchange time have, in 
some instances, more or less abandoned the effort as 
impossible of attainment because of this fact. There 
is little use in trying to put snap into the wagon ex- 
change unless there are enough wagons on the job so 
that savings made through efficient exchange are not 
at once obliterated by inadequacy in the supply. 


RELATION OF WAGON SUPPLY TO LENGTH OF HAUL A CONTROLLING 
FACTOR IN EXCHANGE TIME 


Securing an exchange period of 5 seconds will not 
prove a simple matter. A bricf study of Figure 1 will 
show the reason for this. The loading loop varies in 
length from one so short that only one load can be 
taken on each side, to a loop 1,000 feet or more in 
length. The wagon loop also varies in length in the 
same way. Take, as an illustration, a loading loop 500 
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feet in length from which the haul is in one direction 
to a point 500 feet below the lower end of the loading 
loop. Under these conditions the wagon haul will vary 
from 500 to 1,000 feet in length and will average some- 
thing over 750 feet. If, therefore, the wagon supply 
is calculated on the basis of the actual average haul, 
it will be excessive at some points and deficient at 
others. In order to obviate this difficulty the con- 
tractor should require empty wagons to trot to posi- 
tion whenever necessary to place a wagon in position 
behind the loading wagon before the load is completed. 
If the wagon supply is adequate for the actual length 
of haul ioksad: this will enable an efficient superin- 
tendent to avoid loss of time in the exchange of wagons. 

If the wagon supply is adequate for the average haul 
prevailing, there need be no fear that the stock will be 
injured by this practice. However, if trotting is 
habitually practiced in order to increase production in 
the face of a deficient wagon supply, the effect on the 
stock is hkely to be disastrous, and such a practice is 
not to berecommended. There is a difference between 
this and the practice of trotting the teams for the pur- 
pose of adjusting an adequate average wagon supply to 
the fluctuating length of wagon haul that is a necessary 
feature of elevating grader work. A horse can turn 
out a large amount of power or work at a rapid rate 
for a short time if the rest periods are such that the 
day’s output of power is not excessive. ‘Trotting, in 
order to adjust the wagon supply to the changing haul 
distance, 1s within his normal capacity and may 
reasonably be practiced, for the extra speed required 
on one trip will be offset by a corresponding period of 
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Fic. 2.—Methods of turning loaded wagons away from grader: A. The correct 
method. No time lost by grader. B. Incorrect method in a narrow cut. Time 
lost by grader about 20 seconds. C. Incorrect method in a wide cut. Time lost 
by grader about 10 seconds. 


rest on the next. But if the wagon supply is inade- 
quate, there is no corresponding rest period, for the 
time gained in trotting results in a positive increase 
in the power output required during each working 
period. If the power output resulting from this 
practice is uniformly excessive over any extended 
period, the stock will be correspondingly damaged. 


MISCELLANEOUS DELAYS 


Finally, delays of one sort or another account for 
time losses of considerable importance. These fall 
principally under three headings—breakdowns, clean- 
outs, and rests. 
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Breakdowns occur rather frequently on elevating 
erader work. The chain drives give the most trouble. 
The belt gives more or less. Other parts break 
occasionally. Lack of proper maintenance is the out- 
standing cause of this trouble. Instead of buying a 
new set of chains for the belt drive every spring, the 
old set will be continued in service until 1t is replaced 
link by link as it breaks on the job. It takes only 
two or three minutes to repair such a break but, in 
the meantime, a dollar’s worth of output has been lost. 
On one job the writer found the grader standing idle 
and the crew in camp. The rear axle had broken— 
not an uncommon occurrence—and the job had been 
delayed the better part of a week because no extra 
axle was on hand. On another job the grader was 
idle because the main drive pinion had worn out. 
The contractor had known of its condition for weeks, 
but hoped it would last a little longer. The repairs 
cost both the contractor and his men a good deal 
more than they would had they been made at the 
proper time. To pay a dollar a link, in lost time, for 
repairing drive chains, to lose a week’s time because 
repair parts are not on hand, or to hope that a worn- 
out pinion will somehow last a few weeks longer are 
all illustrations of the general tendency to under- 
maintain the elevating grader, a tendency that ex- 
presses itself in constantly recurring breakdowns with 
their attending loss of time. 

Elevating graders are often continued in service long 
after they have become so badly worn that breakage is 
frequent and trouble with the elevating mechanism 
more or less chronic. The result is not only the definite 
time losses noted above, but a constant, rather intan 
gible loss of efficiency rather hard to prove definitely, 
which expresses itself in a number of ways. Thus. 
contractors often object to the operation of tractors at 
speeds as high as 334 feet per second on the ground 
that when obstructions are encountered the grader is 
likely to be broken. Of course, if the grader itself is in 
good condition, this is a matter which can readily be 
obviated by using a proper spring coupling between 
the grader and the tractor and, on new machines, by 
an appropriate redesign of the devices by which the 
plow itself is held in place. These objections reflect 
the fact that many of the graders now in use are light 
and more or less worn out, and that there is a valid 
reason to fear the result of placing the machine under 
heavy strain. 

_ This same general observation applies to the objec- 
tion, often raised, to taking a full bite in heavy ground 
when other conditions would permit; that is, that the 
grader is not strong enough to stand the heavy strain 
thus imposed on it. For many of the machines now 
in use, this is no doubt the case. But, as the objective 
is yardage at the lowest possible cost, it is poor economy 
to continue an old machine in service if this can be done 
only by accepting a reduction in output. At current 
prices, a substantially built machine can be had for 
the money secured from the movement of from 8,000 
to 10,000 cubic yards of material. The loss of as little 
as 50 or 60 yards a day during the construction season 
will cover the entire cost of a substantial machine—a 
very small amount when considered in the light of the 
heavy reduction in rate of output which attends any 
reduction in the bite. 

It is not necessary to multiply illustrations in order 
to emphasize the point that the tendency to reduce 
production in order to get along with a worn-out ma- 


chine often generates intangible losses of even greater 
importance than the positive time losses due to break- 
downs. The remedy is obvious. Obsolete and worn- 
out graders should be replaced and a good grader 
should receive the attention needed to keep it always 
at a high point of efficiency. 


The clean out around the lower roller stops the outfit 
a good many times every day. In moist clay soils it 
is sometimes necessary to clean the whole bottom side 
of the belt. These operations are caused by the 
tendency of droppings to accumulate just above the 
bottom roller and on the belt itself. These accumula- 
tions, which cause the belt to function improperly, 
must be removed from time to time—occasionally as 
often as once for every 10 or 15 wagons loaded. The 
clean out takes from a minute to three or four minutes. 
In the course of a day’s work the loss of time from this 
cause may therefore be considerable. It is not, how- 
ever, an avoidable loss with the present design of the 
eracer. 

RESTING STOCK 


Another delay, involving heavy losses, results from 
the resting of stock. This is most conspicuous when 
the grader is drawn by 16 horses. Not much will be 
said on this point, as the dynamometer studies now in 
progress should yield precise information on the power 
output required. It may be observed, however, that, 
whereas the time losses on caterpillar-tractor jobs tend 
to run in the neighborhood of 5 per cent and are caused 
almost entirely by grader breakdowns and clean outs, 
the time losses on horse-drawn jobs sometimes exceed 
20 per cent in hot weather. As clean-out losses are 
independent of the motive power and breakdowns cer- 
tainly no more frequent on the horse-drawn jobs, the 
importance of these rest periods from the standpoint 
of output will be apparent. 


The horse as a power unit has certain limitations, 
it appears, which tend to interfere with high produc- 
tion. When 16 horses are attached to an elevating 
grader, it is possible for them to develop the power 
necessary in order to load wagons promptly if the rest 
periods between loads are long enough. But when the 
weather is hot or the flow of power becomes more con- 
stant, 1. e., as increasing efficiency of superintendence 
tends to reduce the wagon-exchange period, the burden 
placed on a 16-horse outfit tends to become excessive 
and the extra rest periods must be taken. These, of 
course, tend to offset any advantage secured from re- 
duced wagon-exchange time. For this reason if an 
effort is to be made to develop high efficiency additional 
horse power ordinarily must be supplied. This is 
particularly true during the summer months. Obser- 
vations of 20-horse outfits tend to establish the fact 
that an outfit of this size can endure the increased 
strain incident to high output. But even when 20 
horses are used rest periods may have to be permitted 
during hot weather. It is here that the caterpillar 
tractor shows its great advantage. It does not tire as 
the percentage of time under full load is increased and 
hot weather has no adverse effect on it. Where a 
high degree of efficiency is to be maintained and with 
ibaa high rate of output, the caterpillar tractor offers 
a source of power at once dependable and effective. 
Its slow rate of travel, while a disadvantage, by no 
means outweighs this advantage, and, in any event, 
there is no reason to suppose that its speed is neces- 
sarily slower than that of well-driven horses. 


In summarizing the question of time losses due to 
breakdowns, clean outs, and resting stock, it may be 
noted that these losses vary over rather wide limits 
due to soil conditions, the age of the machines worked, 
weather, etc. In general, 5 per cent may be appro- 
priately allowed on caterpillar-tractor jobs of which, 
normally, less than half will be clean out losses. If 
16 horses are to be used on the grader, another 5 per 
cent should be added for resting stock on a full-season 
job where soil conditions are good. If the job is short 
and is to be done during hot weather, 10 per cent 
should be allowed in normal loam and élay, but if the 
eround is heavy, even 15 per cent may be inadequate. 


PRACTICES THAT EAT INTO THE WORKING DAY 


The losses discussed above affect production during 
the working period. In addition to these losses the 
contractor not infrequently accepts practices which 
effectively reduce the working period itself. This may 
be illustrated by citing the practices on a job where the 
nominal working period was 10 hours. The men under- 
stood that 10 hours work was required and fractional 
days were paid for on that basis. The contractor 
made it a practice to move camp about every four 
miles, working some two miles in each direction from 
the camp, which resulted in an average trip to and 
from camp of about a mile. This trip at the ordinary 
walking speed for the horses took about 20 minutes. 
It was the custom to make the trips out—morning 
and noon—on the contractor’s time and the return 
trips on the men’s time. Here then, was a direct loss 
of 40 minutes of working time every day. Also, it 
was customary to water the stock morning and after- 
noon. This stopped operations for from 15 to 25 min- 
utes twice a day—a net loss of perhaps 40 minutes a 
day. Watering stock during the working period is not 
a general practice among contractors, even during hot 
weather, but the fact that it is sometimes done with 
no modification of the nominal daily working period 
suggests that where managerial practices of this sort 
prevail the working period should not be considered 10 
hours. In this case it really averaged about 8 hours 
and 40 minutes. 

It has been pointed out that, on work of this sort, 
losses are not recoverable. If the bite is small there 
is a loss of time and output because too much time is 
used in loading the wagons. If the speed of the grader 
is too low there is the same effect. If time is lost in 
wagon waits or in delays, output is reduced because 
fewer loads can be taken out. In all of these cases 
the losses are positive and cumulative, for the men 
employed must be pa as much and the horses will 
eat as much when the production is low as when it 1s 
high. This also applies to lax managerial policies. 
The contractor who is paying for 10 hours of work and 
getting only 824 hours is suffering a direct loss which 
will appear as a corresponding reduction in output. 


THE SITUATION SUMMARIZED 


Summarizing the situation briefly, there are com- 
paratively few contractors now operating elevating 
graders who succeed consistently in obtaining an 
average output much over 60 loads an hour. Many 
contractors never consistently reach this output. But, 
as compared with this rate of output, there 15 no ap- 
parent reason why, by careful attention to the speed 
at which the grader is moved and the bite that it takes, 
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a load can not be consistently put onto a wagon in 
16 seconds and an exchange ét wagons made in 5 
seconds which, with due allowance for turns, and the 
elimination of unnecessary delays, should enable an 
efficient contractor to produce a load every 30 seconds 
or 120 loads an hour. In order to secure such a rate 
of production the principal requirements are an ade- 
quate wagon supply and really competent superin- 
tendence. In Table 7 the relationships which have 
been discussed are set down so as to show the effect 
of these various elements on output. An examination 
of this table will show that if a large output is to be 
secured it must be done by -taking a consistentl 
heavier bite, by maintaining a proper grader ie 
by making a prompt wagon exchange and by reducing 
the time losses to a minimum. 


TABLE 7.—Effect of various losses on elevating grader output 





Grader speed 334 feet Grader speed 3 feet 


























per second per second 
Bite Bite Bite Bite Bite Bite 
40 per | 50 per ; 60 per | 40 per | 50 per | 60 per 
cent cent cent ! cent cent 2 cent 
Theoretical maximum produc- 
tion of grader at plow, cubic 
yards per 10-hour day.....___-.- 5,000 | 5,000; 5,000) 4,000/ 4,000 4, 000 
Rate at which material is de- 
livered by grader while it is 
loading wagons, cubie yards 
Der eneur Gay... 5<25--_... ,000 | 2,500; 3,000} 1,600; 2,000 2, 400 





For 114 cubic yard wagons: 
Portion of grader time spent 
in loading wagons (based 
on average length of cut of 
Ce joi? C0 | nr | ne a ee ee 50 45 42 
Portion of grader time that 
can, under good manage- 
ment, be spent in loading 
wagons (450-foot cut) 
Sn a.meaate 2 oe ee per cent -_- 62 
Resulting average produc- 
tion per 10-hour day as 
NOW Geaiticd@cmure yaras./-...--22|---<--sc|-------- 
Average production per 10- 
hour day reasonably pos- 
sible with good manage- 
MCtiue- 22. 2s cubic yards_- 
For 2 cubic yard wagons: 
Portion of grader time spent | 
| 
| 
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in loading wagons (based 
on average length of cut of 
450 feeds... Der Comte .|...scso- ae | Se eee 57 | 
Portion of grader time that 
can, under good manage- 
ment, be spent in loading | 
wagons, (450-foot cut) | | 
an ee per cent_. 64 , 63 | 62 
Resulting average, produc- 
tion per 10-hour day 
ae eubic yards_-_ 


wwe eee e = eee sere e|e eee eee = 











1,280! 1,575 | 1,860 








910 | 1,060 
| 





1 Contractors should endeavor to work in this field. 
2 Contractors now customarily work in this general field. 


The relations shown in Table 7 are based on a 450- 
foot loading loop. During the past working season 
studies, some short and some covering a period of a 
month or more, were made on more than 20 separate 
outfits. The average length of cut during these studies 
(the loading loop) was almost exactly 450 feet. But, 
as between the various studies, the length of cut 
averaged under 300 fect on 2, between 300 and 400 
feet on 5, between 400 and 500 feet on 5, between 500 
and 600 feet on 3, and over 600 feet on 5. 

Tables 4A, 4B, and 4C give additional data on the 
production that can be secured with average superin- 
tendence and high-class superintendence for various 
lengths of cut. As it is wholly impossible to secure as 
great an output on short cuts as on long ones, 1t seems 
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PROCEDURE FOR TESTING SUBGRADE SOILS 


A DESCRIPTION OF THE REVISED METHODS ADOPTED BY THE BUREAU OF PUBLIC ROADS 


By J. R. BOYD, Assistant Engineer of Tests U.S. Bureau of Public Roads 


ETHODS employed by the Bureau of Public 
Roads in testing subgrade soils were first 
described in a paper by A. T. Goldbeck and 

F. H. Jackson in the Proceedings of the American 
Society for Testing Materials, volume 21, 1921. A 
more complete description was given by the writer in a 
paper published in the Proceedings of the American 
Society for Testing Materials, volume 22, 1922, en- 
titled “Physical Properties of Subgrade Materials.” 
Since the publication of this description a number of 
changes have been found desirable, and these changes 
are incorporated in the following description of the 
revised methods. 


PREPARATION OF SOIL SAMPLES 


1. The sample as recieved from the field is dried in 
an oven at a temperature not exceeding 100° C. (212°F.) 
It is then broken up in a mortar by means of a pestle 
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Fic. 1.—Apparatus for determining the mechanical analysis of subgrade soils 


(preferably rubber-covered), care being taken not to 
break any of the rock fragments, and passed through 
a 14-inch screen. ‘The fractions passing and retained 
on the screen are then weighed separately and the 
weight of the latter, expressed as a percentage of the 
weight of the entire sample, is recorded for use in 
the mechanical analysis. If it is desired to keep the 
material retained by the 14-inch screen, it should be 
kept separate from the remainder of the sample. 

2. From the material passing the 14-inch screen, a 
sample is selected, by the method of quartering, 
sufficiently large to make as many of the subgrade 
tests as may be desired. This sample is passed 
through the 10-mesh sieve, and the material retained 
on this sieve 1s discarded. With the exception of the 
mechanical analysis all subgrade tests are made on 
material which passes the 10-mesh sieve. 


MECHANICAL ANALYSIS 


In making a mechanical analysis (the apparatus 
employed is shown in Fig. 1) of subgrade soils, four 
fractions are determined; namely, coarse material, 
sand, silt, and clay. These terms are defined as 
follows: 7 


Coarse material is all material retained above 
the 10-mesh sieve. P 

Sand is that material which passes a 10-mesh 
sieve, is retained on the 200-mech sieve, and sub- 
sides through a height of 8 centimeters in am- 
moniated water (concentration 1:500) in 8 
minutes. 

Silt is that material, which passes a 200-mesh 
sieve, and subsides through a height of 8 centi- 
meters in ammoniated water (concentration 1: 500 
in 8 minutes. 

Clay is that material which passes a 200-mesh 
sieve and which does not subside through a height 
of 8 centimeters in ammoniated water (concentra- 
tion 1:500) in 8 minutes. 


It has been found by experience that a more accurate 
mechanical analysis is obtained if the analysis is made 
on material passing the 14-inch screen instead of 
material passing the 10-mesh sieve. The reason for 
this is that without the action of water it is impos- 
sible to separate completely the fine material from that 
retained on the 10-mesh sieve. In view of this fact 
the mechanical analysis is made in the following 
manner: 

From that part of the entire sample which has 
passed the 14-inch screen, as described in paragraph 1, 
‘Preparation of Soil Samples,” a sample is selected, 
by the method of quartering, weighing approximately 
50 grams. 

This sample is placed in an oven and dried to con- 
stant weight at a temperature not exceeding 100° C. 
(212° F.). After cooling to room temperature in a 
desiccator it is weighed and placed in a beaker with 
approximately 500 cubic centimeters of distilled water. 
(Where clear tap water is available, distilled water is 
not necessary.) This mixture is gradually brought u 
to the boiling point during a period of one hour wal 
allowed to simmer for an additional hour, but actual 
boiling should be avoided. After standing until cool 
the supernatant liquid is decanted to a depth of 3 
centimeters above the bottom of the beaker into a 
large vessel (10 to 20 liters). Ammoniated water (con- 
centration 1:500) is then added to the beaker to a 
height of 11 centimeters and the material is thoroughly 
brushed and dispersed with a stiff brush for a period 
of 1 or 2 minutes and then allowed to stand for 8 min- 
utes. The supernatant hquid is then decanted to a 
depth of 8 centimeters from the surface of the liquid 
into the large vessel. Ammoniated water is again 
added to the beaker, brushing repeated as before, and 
after § minutes sedimentation, the supernatant liquid 
is decanted again into the large Samal This process 
is repeated until the supernatant liquid becomes clear 
after 8 minutes sedimentation. The ‘‘sand”’ and “silt”’ 
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have now been separated from the “clay” which is 
contained in the large vessel. The material in the 
beaker (sand and silt) is transferred to an evaporating 
dish and dried to constant weight at a temperature not 
exceeding 100° C. (212° F.), cooled in a desiccator and 
a sieve analysis made, using the 10-mesh, 20-mesh, 
60-mesh, 100-mesh, and 200-mesh sieves. The time of 
shaking for the sieve analysis is 15 minutes. 

The material retained on the 10-mesh sieve is coarse 
material and should be expressed as a percentage of 
the entire sample in order that it may be added to the 
percentage of material retained on the 14-inch screen, 
thus giving the total percentage of coarse material 
existing in the original sample. This is accomplished 
by subtracting the percentage of material retained on 
the 14-inch screen fom 100 and multiplying the per- 
centage of material retained on the 10-mesh sieve, 
as determined from the small sample, by the factor 
obtained from this subtraction. 

The percentage of ‘‘sand,”’ ‘‘silt,” and “clay”’ should 
be computed on the basis of the weight of the fine 
coe only, which means that the weight of the 
material retained on the 10-mesh sieve should be sub- 
tracted from the weight of the small sample before 
computing the percentages of the fine material. 

The large vessel is thoroughly shaken until all mate- 
rial is in suspension. Two hundred cubic centimeters 
of the liquid are then siphoned from approximately the 
center of the liquid into a graduate. The liquid is 
transferred from the graduate to an evaporating dish, 
evaporated to dryness, and the weight of the clay 
residue determined. This weight multiplied by the 
factor obtained by dividing the total volume of liquid 
by 200 represents the total weight of clay in the sample, 
and this weight should be expressed as a percentage 
of the fine material by dividing it by the weight of the 
material passing the 10-mesh sieve. 

The sum of the percentages of sand and silt subtracted 
from 100 should equal the percentage of clay as actually 
determined. A maximum error of 3 per cent is allowable 
In order that the analysis may total 100 per cent, the 
error should be distributed logically among the fractions. 

The actual determination of clay may be eliminated, 
and the percentage may be computed from the following 
formula: 


Original weight of fine material — (weight of sand + 
weight of silt) 


original weight of fine material _ x 100 





but this method should be used only as a last resort 
since it eliminates the check. 


MOISTURE EQUIVALENT TEST 


The moisture equivalent of a soil is defined as the 
amount of moisture, expressed as a percentage of the 
dry weight of the sample, retained by a soil when it is 
subjected to a centrifugal force equal to 1,000 times the 
force of gravity. The apparatus used in the test is 
shown in Figure 2, and the procedure for determining 
the moisture equivalent is as follows:! 

A 5-gram sample of the soil, prepared as described 
under “‘ Preparation of soil samples,” paragraph 2, is 
placed in a Gooch crucible, the bottom of which has 








1A practical field test for determining the approximate moisture equivalent per- 
centage of soils is described in Public Roads, vol. 5, No. 6, August, 1924, p. 10, 


been previously covered with a piece of filter paper, and 
allowed to take up moisture until completely saturated. 
It is then placed in a damp closet over night to insure 
a uniform distribution of moisture throughout the soil 
mass, after which the crucible is placed in a Babcock 
cup, in the bottom of which is a rubber stopper, shown 
in Figure 2, with a hole through its center sufficiently 
large to hold the water thrown out by the centrifuge. 
Besides receiving the ejected water, the stopper also 
serves as a cushion. The Babcock cup is provided 
with a brass cap to prevent evaporation. The sample 
is centrifuged fora period of paolo at aspeed which, 
for the diameter of head used, will exert a centrifugal 
force 1,000 times the force of gravity, upon the center 
of gravity of the soil sample. Immediately after cen- 
trifuging, the sample is weighed, dried in an oven to 
constant weight at a temperature not exceeding 100° C. 
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Fic. 2.—A pparatus for determining the moisture equivalent of subgrade soils 


(212° F.), and a second weight determined. The 
moisture equivalent of the soil is calculated from the 
following formula: | 

Aa ee) 


“Ai (q ah) 100 





Moisture equivalent = 
in which 


A =weight of crucible and contents after 


centrifuging. 
1 =weight of crucible and contents after dry- 
ing. 
a =weight of crucible. 
b =weight of filter paper wet. 


6! =weight of filter paper dry. 


The test should always be made upon duplieate 
samples and these should be placed opposite to each 
other in the centrifuge, care being taken to accurately 
counterbalance them. 

The variation between the two values obtained should 
not exceed 1 per cent for values of the moisture equiv- 
alent up to 15 per cent, and 2 per cent for values above 
15 per cent. 
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CAPILLARY MOISTURE TEST 


The capillary moisture of a soil may be considered 
as the amount of moisture the soil is capable of taking 
up against the force of gravity. All subgrade soils 
have the ability to take up capillary moisture to some 
extent, and it is for the purpose of determining the 
relative amounts which can be taken up by subgrade 
soils of varying characteristics that the following test 
is used. The apparatus is shown in Figure 3. 

A sample of the soil, prepared as described under 
‘Preparation of soil samples,’ paragraph 2, is dried 
to constant weight in an oven at a temperature not 
exceeding 100° C. (212° F.), allowed to cool in a 
desiccator, and then poured loosely into a glass tube 
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Fic. 3.—Apparatus for the capillary moisture test 


(inside diameter 25 millimeters), the bottom end of 
which has previously been covered with cheesecloth. 
The tube is jarred until the soil reaches a height of 10 
centimeters and no further settlement takes place. 
The lower or covered end of the tube is then just 
immersed in water. When capillary moisture reaches 
the top of the soul column, the tube is weighed daily 
until it comes to constant weight. (A slight fluctuation 
In weight is to be expected due to barometric changes.) 
The percentage of capillary moisture is then computed 
from the following formula: 

(A —A')—(b—b') 


Percentage of capillary moisture = —~; 


A! — (a +5) 





x 100 


in which 

A =(weight of glass tube) + (wet soil) + (cheese- 
cloth and rubber band wet). 

A! = (weight of glass tube) + (dry soil) + (cheese- 
cloth and rubber band dry). 

a =weight of glass tube. 

b =weight of cheesecloth and rubber band 
wet. 

b1 =weight of cheesecloth and rubber band dry. 


VOLUMETRIC SHRINKAGE TEST 


A very important characteristic of subgrade soils is 
their relative shrinkage when moisture is withdrawn 
from them. The test for determining this characteristic 
is made in the following manner: 

A sample of soil, prepared as described under “ Prep- 
aration of soil samples,’ paragraph 2, is thoroughly 
mixed with a given quantity of water and placed in a 
small, flat, cylindrical, porcelain dish approximately 6 
centimeters in diameter and 1 centimeter deep and 
struck off with a spatula. (The porcelain dish should 
be greased with a film of vaseline, or stmilar material, 
previous to filling it with soil.) The sample is then 
allowed to dry in the air and is weighed at frequent 
intervals until no further loss of weight is recorded. 
If desirable the sample may be placed in the oven after 
air drying for 24 hours. 

The percentage of volumetric contraction of the soil 
is determined as follows: The weight of mercury re- 
quired to just fill the porcelain dish is obtained, as 
well as the weight of mercury which is displaced by 
the soil pat after shrinkage takes place. 
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Fia. 4.—Apparatus for determining the volumetric shrinkage of subgrade soils 


The volume of mercury required to just fill the 
porcelain dish and also the volume displaced by the 
soil pat is determined by means of the apparatus 
shown in Figure 4. The weights of these two volumes 
are also determined, denominated A and B, respec- 
tively, and the volumetric shrinkage of the soil is 
computed from the following formula: 


Percentage of volumetric shrinkage=“ 5” x 100 


Two samples are always prepared for each soil and 
the average result considered as the percentage of 
volumetric shrinkage of the soil. 

In some cases 1t may be desirable to know the 

ercentage of lineal shrinkage; consequently, a curve 
ne been prepared, Figure 5, showing the relation 
between the percentage of volumetric shrinkage and 
the percentage of lineal shrinkage.? 








_ 7A practical field method for determining the lineal shrinkage of soil is described 
in Public Roads, vol. 5, No. 6, August, 1924, p. 12. 
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COMPARATIVE BEARING VALUE TEST 


This test is used for determining the comparative 
bearing power of soils and should not be considered as 
indicative of the actual field bearing power. It is 
made in the following manner: 

The soil, prepared as described under ‘“ Preparation 
of soil samples,” paragraph 2, is mixed by hand with 
the desired amount of water. The mixture is thor- 
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PERCENTAGE VOLUMETRIC SHRINKAGE 


Fic. 5.—Relation between percentage of volumetric shrinkage and percentage of 
lineal shrinkage of subgrade soil 


oughly kneaded for several minutes in order that 
complete distribution of the moisture may be ob- 
tained. It is then covered with a pan and allowed to 
stand for 15 minutes, after which it is placed in a 
cylindrical brass container and subjected to an initial 
load of 10 pounds per square inch to insure uniformity 
of compaction. (Fig. 6.) After putting the 1-square- 
inch bearing block in position the container is mounted 
in the bearing value apparatus (Fig. 7) so that the 
point of application of the load on the horizontal beam 
is 0.1 inch above the position of equilibrium. The 
sand for applying the load is released and simultaneous 
readings of load and penetration are made for each 
one-tenth-pound increment of load, the maximum 
penetration used being 0.2 inch. As the point of 
equilibrium of the system corresponds to a dial reading 
of zero, the beam is displaced 0.1 inch above the true 
horizontal position at the beginning of the test and 0.1 
inch below at the end of the test. Load readings as 
obtained from the spring balance must be multipled 
by 4, due to the ratio of the lever arms. Check 
tests are run on each soil, and from the average of 
these the bearing value curve is plotted. For com- 
parative purposes the bearing value of the soil 1s 
taken as the load in pounds per square inch required 
to produce a penetration of 0.1 inch. 


SLAKING VALUE TEST 


The rapidity with which a soil slakes down under 
the action of moisture is considered as one of its impor- 
tant characteristics and is determined in the following 
manner: 

A sample of the soil prepared as described under 
“Preparation of Soil Samples,” paragraph 2, is thor- 
oughly mixed with its moisture equivalent moisture 
and molded, under a pressure of 1,875 pounds per 
square inch, into a briquette 114 inches in diameter 
and 14, inches in height. (Fig. 8.) The briquette 
is allowed to dry in the air for approximately 18 
hours and is then oven dried to constant weight at a 
temperature not exceeding 100° C. (212° Bein On 
being removed from the oven it is placed in a desiccator 
until cool and then tested by means of the apparatus 
shown in Figure 8. The slaking value is taken as the 
time required for the briquette to slake sufficiently to 


fall through the brass ring. Two specimens are made 

on each soil and the average considered as the slaking 
value of the soil. 

Notre.—The briquettes are made 11% inches in diameter and 

176 inches in height in order to produce, after shrinkage takes 

place, a briquette approximately 1 inch in diameter and 1 

inch high. It has been found that approximately 85 grams 

of the soil and water mixture are required to produce a bri- 


quetie of the desired size. The actual weight can only be 
determined by trial. 


DYE ADSORPTION TEST 


It has been found that soils which appear to be 
practically identical, on mechanical analysis can give 
entirely different results for the moisture and volu- 
metric tests. This indicates that the character of the 
material, especially of the clay, as well as its grading, 
has an important influence upon the physical charac- 
teristics of the soil. In order to determine the relative 
character of different soils, Dr. EK. C. E. Lord, of the 
Bureau of Public Roads, has devised the following 
test: 

A small sample of soil (about 10 grams), prepared 
as described under ‘Preparation of Soil Samples,” 
paragraph 2, is oven dried to constant weight at a 
temperature not exceeding 100° C. (212° F.) and 
allowed to cool in a desiccator. The actual weight of 
soll used in this test is determined by the character 
of the soil, 0.5 gram being used for soils low in clay 
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Fic. 6.—Apparatus for applying initial pressure to sample for comparative bearing 
value test 

and 0.2 gram for those which are high in clay. Should 

it be difficult to judge the amount of clay, it is advis- 

able to make a trial test. After cooling, a sample of 

the proper size, as determined above, is carefully 

weighed and transferred, by means of a camel’s-hair 


brush and glass funnel, into a separatory tube of 
about 5 cubic centimeters capacity which contains 
approximately 1 cubic centimeter of the dye solution. 
This mixture is thoroughly stirred with a polished 
glass rod for the purpose of coagulating the soil par- 
ticles, causing them to settle out of the liquid. Stir- 
ring is continued until no soil particles are left in sus- 
pension, more dye solution being added, if necessary, 
to accomplish this result. The coagulated mixture is 
then introduced into a filter tube by means of the sep- 
aratory funnel. (Fig. 9.) The filter tube should have 
been previously capped with filter paper and water 
allowed to run through it in order to prevent the 
trapping of air. The amount of water thus used 
should be determined in order that a correction may 
be made for it at the completion of the test. After 
the dye solution used for coagulation purposes has 
drained through the soil, additional dye should be 
added. Iiltration should be allowed to continue until 
a marked discoloration appears in the filtrate. This 
indicates the end of the test, and the volume, in cubic 
centimeters of colorless filtrate, should be recorded. 
This volume less the cubic centimeters of water used 
in washing the filter tube, when converted to a basis 
of 1 gram of soil, represents the dye absorption number 
of the soil. 


Note: The dye employed in this test is a solution of 1 part 
of basic analine dye (methyl violet) in 1,000 parts of distilled 
water. 
about I liter in order that a uniform solution may be provided 
for a large number of tests. Light and age materially affect 
the character of the dye solution, which consequently should be 
protected from strong light and should never be used when over 
2 months old. 


INTERPRETATION OF TEST RESULTS } 
The interpretation of the results of tests on subgrade 


materials must, necessarily, be very general until 
sufficient field data can be obtained to make possible 
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The solution should be prepared in quantities of 
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an accurate correlation of the test results with the 
observed behavior of the soil in the field. The limited 
research which has been given to the problem to date 
has yielded some very interesting conclusions, how- 
ever, and it is confidently expected that, as more 
data are obtained, it will ultimately be possible to 
predict the field behavior of subgrade soils from an 
interpretation of the physical characteristics of the 
soils, as determined by laboratory tests. 

The following comments should prove helpful in 
interpreting the results of tests on subgrade materials. 
It is advisable, however, that each investigator in- 
terpret the results in the light of his own experience, 
until sufficient data have been collected to permit the 
formulation of specific conclusions relative to the 
significance of the tests. 

Mechanical analysis test.—The mechanical analysis 
is for the purpose of determining the gradation of the 
soul; i. e., the relative amounts of sand, silt, and clay 
contained in the soil. By itself, this test is not sig- 
nificant except in a very general way. It is known, 
of course, that soils containing a large percentage of 
clay (roughly, above 30 per cent) are, in general, un- 
desirable, while those containing a small percentage 
(roughly, less than 30 per cent), as a rule, make good 
subgrades. 

Moisture equivalent test—Tnis is one of the most 
important of the subgrade tests. It provides the 
means of comparing directly the relative ease with 
which subgrades of different characteristics may be 
drained. Soils that have high moisture equivalents 
are relatively more difficult to drain than those which 
have low moisture equivalents. 

Tne deduction drawn from a recent investigation 
conducted by the Bureau of Public Roads in the 
Pacific Northwest was that soils that have moisture 
equivalents above 20 are undesirable as subgrade 
materials. Although this investigation was confined 
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Fic. 7.—Apparatus for determining the comparative bearing power of soils 
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to a small section of the country, it is felt that the 
value of 20 is approximately correct as the line of 
demarcation between good and bad subgrade soils. 
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BRIQUETTE MOULD ASSEMBLY 
Fic. 8.—Apparatus for determining the slaking value of subgrade soils 


Capillary moisture tests—-:An effort 1s now being 
made to correlate the values obtained from this test 
with maximum moisture conditions existing in the 
field. Data so far collected seem to indicate that the 
maximum field moisture percentage of a soil is some- 
what above the capillary moisture percentage as deter- 
mined in the laboratory. 

Volumetric shrinkage test—The volumetric shrinkage 
of asubgrade soil should be determined under maximum 
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Fic. 9.—Apparatus for determining the dye adsorption of subgrade soils 


Subgrade soils are divided into six 
classes, according to therelative amounts 
of sand, silt, and clay which exist in 


determined by the predominating 
fraction and modified by the next 
predominating fraction as ob- 


analysis. 
as follows: Silty clay, sandy 
silt, sandy clay, clayey sand, 
clayey silt, silty clay. 


illustrates the use of the 


The mechanical analy - 
sis of a subgrade soils 
as follows: 
per cent; silt, 30 per 
cent; and clay, 50 
cent. 
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silty clay and 
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field moisture conditions. Until more definite infor- 
mation is obtained, the capillary moisture as deter- 
mined in the laboratory will be considered as approxi- 
mating the maximum field moisture and the volume 
change test will be made under this moisture condition. 
Available information seems to indicate that subgrade 
soils having a percentage of volumetric shrinkage 
greater than 15 per cent will not make desirable 
subgrades. 

Comparative bearing value test—Up to the present 
time it has been impossible to correlate this test with 
any field data so far obtained. Consequently this test 
should be considered only as a laboratory method for 
determining the comparative bearing value of subgrade 
soils. 

Slaking value test— The slaking value test should give 
information relative to the ability of subgrade soils to 
withstand the slaking action of water. Owing to the 
fact that this test has only been recently standardized 
it is not possible to give any limiting values at this 
time. 

Dye adsorption test—The dye adsorption test gives 
an indication of the character of the clay existing in the 
subgrade. It is quite possible to obtain approximately 
similar mechanical analyses from two different sub- 
orade soils, and yet these soils may react in an entirely 
different manner to the other physical tests. This is 
due, undoubtedly, to the difference in character of the 
constituent parts of the soil, especially the clay. <A 
soil having a large percentage of very active clay will 
sive an adsorption number higher than that obtained 
from a soil having approximately the same percentage 
of less active clay. High percentages of clay accom- 
panied by high adsorption numbers almost invariably 
indicate poor subgrade material. 

In general it may be said then that soils having a high 
moisture equivalent, a high capillary moisture percent- 
age, a high volumetric shrinkage, and a high dye 
adsorption number will be very poor as a subgrade 
material, while if these values are low the material may 
be expected to give satisfactory service. 


(Continued on page 41) 


EXPLANATION OF CHART DEFINITIONS 
Sand is that material which passes a 10- 
mesh sieve, is retained on the 200-mesh 
sieve and subsides through a height 
of 8cm. in ammoniated water (con- 
centration 1 to 500) in 8 minutes. 
Silt is that material which passes 
a 200-mesh sieve and subsides 
through a height of 8em. in am- 
moniated water (concentration 
1 to 500) in 8 minutes. 
Clay is that material 
which passes a 200-mesh 
Sleve and which does not 
subside through a height 
¢ of 8 cm. in ammoniated 
Le water (concentration 


& Jto 500) in 8 minutes. 


the name of the class being 











from the mechanical 
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Fic. 10.—Classification chart for subgrade soils 
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TAR SURFACE TREATMENT OF GRAVEL ROADS’ 


A DESCRIPTION OF A NEW METHOD DEVELOPED BY THE WISCONSIN HIGHWAY COMMISSION 


By N. M. ISABELLA, Maintenance Engineer, Wisconsin Highway Commission 


oped a new method of surface treating gravel roads 

and tested the process experimentally on a mile of 
road. The value of the new method hes principally in 
the fact that by its use a deeper penetration of the 
bituminous material is secured than it is possible to 
obtain with the more common methods; and it is be- 
lieved that the roads so treated will require less fre- 
quent renewal of the treatment. 

The problem for the greater part of the State, espe- 
cially in the northern and northwestern counties where 
property values are low, is one of developing a large 
mileage of comparatively low-type road that will meet 
the demands of the traffic within the limits of the 
rather small funds that can be raised for the purpose. 
Certain of these counties lie in the path of through 
highways which carry a large amount of State and inter- 
state traffic. Many of them are not in a position to 
issue bonds for the construction of expensive highways, 
yet the gravel roads which are within their present 
means are not capable of carrying the heavy traffic. 

luxperience has shown that when the traffic reaches 
500 or more vehicles per day there is an annual loss of 
material on the surface of a gravel road of at least 1 
inch. In some cases it reaches 114 inches or more, de- 
pending on the traffic. A 1-inch loss on an 18-foot 
road is equivalent to a loss of approximately 400 cubic 
yards of material per mile, which, at an estimated cost 
of $2 per cubic yard delivered on the road, is about 
$800 per year. Besides this there is the dust nuisance, 
which is becoming a very serious problem during the 
heavy travelseason. Many of the counties, too, realize 
that if they are not to exhaust their material deposits 
they must begin now to conserve the material for fu- 
ture needs. With these conditions in mind, the com- 
mission began experimenting with the surface treat- 
ment of gravel roads with light tars in 1922. In the 
first year it adopted the methods which had been used 
for a number of years in Maine, applying the tar to 
20 miles of road. 


I 1923 the Wisconsin Highway Commission devel- 


THE MAINE TREATMENT 


Following the Maine method of treatment, the sur- 
face was thoroughly scarified to a depth sufficient to 
remove all humps and depressions and care was taken 
to see that no ridges or solid strips of gravel were left 
after the scarifier had completed its operations. This 
was immediately followed up with the large-blade 
grader which was kept constantly on the surface until 
the road was shaped up to a uniform cross section and 
well compacted under traffic. The surface was then 
swept with a power sweeper, and in this operation the 
fine material was en off to the side. In a few 
spots hand sweeping was resorted to in order to re- 
move all the fine material. This left a hard surface 
with the metal exposed. <A priming coat of light tar, 
the characteristics of which are shown in Table 1, 
was then applied at the rate of about one-sixth gallon 
per square yard. This application was allowed to 
penetrate for at least 48 hours, after which the few spots 








'Submitted for publication through the Highway Research Board, Nationa] 
Research Council. 


needing it were given an additional treatment with the 
distributer or hand kettle. Following this application 
of tar, coarse torpedo sand was distributed along the 
shoulders in piles of about one-fourth cubic yard 
each, spaced about 25 feet apart. The second appli- 
cation of tar was then pia on the road at the rate 
of about one-third gallon per square yard, and imme- 
diately following this application sufficient sand was 
spread over the tar to keep itfrom running. The treat- 
ment results in a penetration of from one-half to three- 
fourths inch and forms a crust over the gravel. 


TABLE 1.—Tar for cold application 


General. The tar shall be homogeneous. 
Physical and It shall meet the following requirements: 
chemical 1. Specific gravity 25°/25° C. (77°/77° F.) not less than 1.100. 
properties. 2. Specific viscosity at 40° C. (104° F.), 8 to 13. 
3. Total distillate by weight: 
To 170° C. (338° F.), not more than 5 per cent. 
To 270° C, (516° F.), not more than 30 per cent. 
To 300° C. (572° F.), not more than 40 per cent. 
4, Total bitumen (soluble in carbon bisulphide) not less than 
90 per cent. 
Methods of Tests of the physical and chemical properties of the tar shall be 
testing. made in accordance with the following methods: 
1. Specific gravity, Department of Agriculture Bulletin 1216, 
45 


p. 45. 

2. Specific viscosity (on first 50 c. c.) U. S. Department of Agri- 
culture Bulletin 1216, p. 59. 

3. Distillation test, U. 8. Department of Agriculture Bulletin 
1igans 62. 

4. Total bitumen, U. S. Department of Agriculture Bulletin 
1216, p. 47. 


The 20 miles treated by this method in 1922 were 
followed by 60 miles in 1923 and 200 miles more in 
1924, on the whole with considerable success. But 
it has been found that the roads require scarifying and 
reshaping and additional surface treatment each year. 


THE NEW METHOD 


The new method was first tried in 1923. The mile 
of road to which it was applied was surfaced with 
inaterial which contained a considerable amount of 
coarse gravel. The surface was very loose and it was 
impracticable to sweep it without loss of much of the 
good metal, so the new method was tried as an ex- 
periment, and it has proved to be very successtul. 

The road was shaped to a uniform cross section with 
a large blade grader outfit. When this was completed, 
an application of tar at the rate of about one-third 
gallon per square yard was applied, traffic being 
allowed to use the road freely to mix the tar with the 
gravel. After about two hours the blade grader out- 
fit, with the blade set at an angle of about 45 degrees 
and at a depth of about three-fourths inch was 
run over the surface, moving the material a few feet 
past the center of the road. A second application of 
about one-third gallon per square yard was then 
applied to the new surface. After this was done the 
material which was gathered at the center of the 
road was then moved back over the newly applied tar. 
This same process was followed for the other half of 
the road. 

This method was found to give a penetration of 
between 1 and 1% inches. The mile treated in 1923 
required practically no maintenance during 1923 and 
only a few patches along the shoulders in 1924, amount- 
ing to less than $100 a mile. It is believed that it will 
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not be necessary to scarify sections treated in this way, 
and that a light application of tar with an absorbent 
every second year will keep the surface in very good 
condition. 

In 1924 the commission tried the same treatment on 
12 additional miles of the Middleton-Sauk City road, 
which is one of the heaviest tourist roads, the traffic 
counts averaging between 2,500 and 3,000 vehicles a 
day during the summer months. The surface of 
this road is 21 feet wide and the treatment of the 12 
miles was completed in 14 days. Although it rained 
on three or four days, the entire time is included in 
estimating the average cost of $1,287 a mile. The 
elements entering into this cost are 110,000 gallons 
of tar, at 12.95 cents per gallon; labor, $33 a day; 
rental, operation, and depreciation of equipment, 
$53 a day. 

It must be understood, of course, that these taz 
treatments should not be employed unless traffic 
conditions warrant them. They do not take the place 
of a durable pavement, but they do conserve material, 
lay the dust, and provide an adequate surface until 
such time as funds are provided to build durable 
pavements. 


(Continued from page 33) 


advisable to call particular attention to the fact that, 
while average conditions have been used in this dis- 
cussion in an effort to make the important points in 
it as clear as possible, no contractor should ever assume 
that his project is average. Many contractors are in 
financial difficulty to-day for no other reason than that 
in bidding on work of this kind they have failed to note 
that projects differ a great deal in this vital element— 
the average length of cut— and have assumed that the 
rate of production to which they were accustomed 
could be maintained, only to find that it could not. 
It is always necessary to scrutinize this detail with 
care, but it is doubly necessary in crossing State 
boundary lines. The style of design varies a great 
deal from State to State and perhaps in no particular 
more than in this one. 

Tables similar to Table 4A, can be constructed readily 
by any coutractor who desires to do so, the output 
data being recomputed on the basis of the conditions 
governing for this particular outfit. To do this 1t 1s 
necessary that, over a reasonable period of time, he 
shall: (1) Measure the length of run per wagon load 
of material taken out; (2) time the loading period; 
(3) time the wait between loads; (4) time the turns; 
and (5) time the delays. This data should be collected 
for an hour each morning and afternoon for about two 
weeks, averaging the readings secured except those on 
delays, which should be added together and the sum 
divided by the total time during which studies have 
been made to obtain the percentage of lost time due 
to delays, breakdowns, ete. With this data the new 
table can be constructed, and once this basic data 
has been secured it will be possible to set about the 


more important task of bringing production into line 

with that which is shown in Tables 4B and 4C (de- 

paaae on whether 14-yard or 2-yard wagons are 
eing used) to be reasonably attainable. 








(Continued from page 39) 


Sous having either a moisture equivalent above 20 
per cent or a volumetric shrinkage above 15 per cent 
should be considered as doubtful subgrade material. 


TENTATIVE CLASSIFICATION OF SUBGRADE SOILS 


A tentative classification chart of subgrade soils is 
shown in Figure 10. The mechanical analysis has been 
taken as the basis of classification. Six classes have 
been established as follows: Silty sand, clayey sand; 
sandy silt, clayey silt; and sandy clay, silty clay. The 
class to which a soil belongs is determined, by the pre- 
dommating fraction, modified by the next predomi- 
nating fraction. For example, a soil that has 20 per 
cent of sand, 30 per cent of silt, and 50 per cent of clay 
would be classified as a “silty clay”’ and be plotted as 
shown in Figure 10. 

Undoubtedly this classification can be improved 
upon, but it will at least serve as a nucleus from which 
a more satisfactory one may be evolved as additional 
data are collected. 





LANTERN SLIDES ILLUSTRATING HIGHWAY 
CONSTRUCTION AVAILABLE 


The Bureau of Public Roads has prepared several 
sets of lantern slides illustrating methods of construct- 
ing various types of roads suitable for use in ghway 
courses in engineering schools and colleges and before 
technical audiences. [Each set consists of from 30 to 
50 slides and is accompanied by a syllabus of a lecture 
for use with the slides. The titles of the lectures are 
as follows: 

Highway Grading. 

Sand-clay, Topsoil, and Gravel Roads. 

Bituminous Surface Treated and Penetration 
Macadam Roads. 

Mixed Asphalt Pavements. 

Portland Cement Concrete Roads. 

Brick Road Construction. 

The slides are available for use on specific dates for 
periods not to exceed four days except during the 
summer season, when loans may be extended to two 
weeks. The borrower is required to pay the cost of 
transportation by express from Washington and return. 
A single set of slides packed for shipment weighs 15 
pounds. 

The bureau prefers to lend the shdes one set at a 
time, but reservations may be made as far in advance 
as desired. 

The sets of slides have been circulated among a 
number of schools and colleges during the past winter, 
and in several instances circuits have been arranged 
among two or more schools in the same section. 
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EFFECT OF CAPPING ON STRENGTH OD ICGhe. 
DRILLED FROM CONCRETE PAVEMENTS 


By R. E. BERGFORD, Assistant Engineer of Tests, Minnesota Highway Department 


N MAKING compression tests of concrete cylin- 
| ders or of specimens of concrete drilled from actual 
structures, the importance of making the proper 
correction for the variation in the height of the cylinder 
relative to its diameter is a factor which has possibly 
not been sufficiently considered in the past. The 
necessity for definite information on this question has 
been felt by the writer for some time in connection with 
the tests made on cores drilled from pavements in 
Minnesota. 


onsen tetra 
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Fic. 1.—Illustrating the method of capping cores. 


The diameter of the test specimen drilled is 4.35 
inches and the height varies according to the thickness 
of the slab inspected. Cores are drilled not only from 
pavements constructed by the State but also from 
pavements constructed by various municipalities under 
a great variety of specifications. As is to be expected 
there is a considerable range in height of cores, heights 
varying from 3 to 10 inches. 
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Fic. 2.—Showing core in place ready to he tested. 


Owing to the great range in height of the test speci- 
mens, as well as to the more or less irregular surface 
on the end of the core which is in contact with the sub- 
grade, the problem presented is, first, the best and most 
economical method of preparing the cores for the com- 
pression test, and second, the interpretation of results 
of compression tests on these cores. 





The most satisfactory method of preparing the 
cores for a compression test would probably be to 
saw or grind both ends to a square and true surface. 
As this method necessitates the use of more or less 
elaborate machinery, the simpler method of capping 
the ends of the cores with a rich cement mortar has 
been adopted. The following procedure is used in cap- 
ping the cores. 





Fic. 3.—Showing core after testing. 
METHOD OF CAPPING CORES 


The end surfaces of the cores are first thoroughly 
brushed and washed in order to remove any dirt or loose 
material which might be adhering to the surface. The 
specimen is then placed in a galvanized iron form 4.35 
inches in diameter and 8.7 inches high and centered 
accurately so as to give an equal thickness to the cap 
on each end. 

The mortar used to cap the ends consists of a mixture 
of 4 parts of Portland cement to 1 part of sand by 
volume and enough water to make the mortar workable. 


ita -=eh 6. 
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CORRECTION FACTOR 


1 OF ORIGINAL CYLINDER 


Fic. 4.—Effect of capping on test cylinders. 


This mixture when properly cured is found to give a 
compressive strength greater than that of any of the 
cores. ‘The capping material is placed in the form, 
tamped, rounded off with a trowel, and flattened off 
with a glass plate which is left in position for 24 hours. 
Damp sand is placed around the edge of the cap and 
left there for 24 hours in order to prevent checking or 
cracking of the mortar due to excessive shrinkage. At 


45 


the end of 24 hours the glass plate is removed and the 
opposite end capped in a like manner. After both 
ends of the core have been capped it is placed in a 
moist curing room and remains there until tested. 
The method of capping is illustrated in Figure 1. The 
method of testing the cores is illustrated in Figures 
Peed 3. 

The question naturally has arisen as to the correct 
interpretation of the test results. Very little data are 
available in regard to correction factors to be applied 
in the case of compression tests on cylinders of various 
heights. The recommended shape for a cylinder is 
one having a diameter equal to one-half its height, 1. e., 


H 


=D 


Da: The cores as capped in the laboratory have a 


ratio of es =2 after they are capped. The variable is 


introduced by the fact that the capping material is not 
the same as the concrete composing the core. 

In order that we might be able to determine the 
correct value for the compressive strength of cores thus 
tested, a series of concrete cylinders was made up, the 
diameter of each cylinder being 4.35 inches, and the 
heights ranging from 3.7 to 8.7 inches. The cylinders 
which are 8.7 inches high were taken as standard. 
The remaining cylinders were capped in the manner 
previously described so that the height after capping 
was equal to twice the diameter. The mix used in 
making the test specimens was 1:2:4 by volume. 
Four different aggregates, including sandstone, trap, 
gravel, and limestone, were used. The results of this 
investigation are shown in Figure 4, which shows the 
correction value to be applied to cores of varying 
heights. Each point in this graph represents the 
average of tests on 12 cores. 











FIFTH INTERNATIONAL ROAD CONGRESS 
ANNOUNCED 


The Fifth International Road Congress will meet at 
Milan, Italy, at the invitation of the Italian Govern- 
ment, from September 6 to 13, 1926. 

The program announced for the congress includes the 
discussion of the following questions: 


First SecTion.—CoNSTRUCTION AND MAINTENANCE 


First question.—Concrete roads. 
Progress achieved in the use of materials for the construction 
of roads in cement-concrete. 


Second question.— Bituminous and asphaltic roads. 
Qualities required of the materials employed: Binder; ag- 
gregate. 


Third questionStandardization of tests for the following: 
Roads—materials. 
Coal tar, bitumens, and asphalts. 


SECOND SECTION.—TRAFFIC AND ADMINISTRATION 


Fourth question.—Census of traffic. 
Search for uniform international bases for adoption in every 
country. 


Fifth question.— Development and planning of towns in interests 
of traffic. 
Progress achieved in the general control of traffic in towns. 


Sixth question.—Special roads reserved for motor traffic. 

What conditions justify their being built. 

The appropriate authorities for their initiation and con- 
struction. 

Financial arrangements: Contribution from public funds; 
tolls; rules for traffic circulation and for exploitation. 

Relationship and connection between motor roads and other 

* highways in the interests cf safety and the continuity of 
traffic generally. : 


An international exposition open to manufacturers 
or producers of materials and implements used in the 
construction and maintenance of roads, as well as to 
manufacturers of vehicles and accessories, will be held 
in connection with the congress. 


The Italian committee of organization, in coopera- 
tion with the executive bureau of the Permanent Inter- 
national Association of Road Congresses, has arranged, 
in addition to the regular sessions, for a series of visits 
to modern roads built or under construction, notably 
the Autodrome of Monza, where a race for the grand 
prize will be run, and the new automobile highways 
which connect Milan with the Italian lakes. Visits 
are also scheduled to industrial plants and road-con- 
struction projects which will be under way at the time. 

Information concerning the exposition may be ob- 
tained from the Secretariat de la Commission Italienne 
d’organisation du Veme Congres international de la 
Route, Via Sala 3, Milan (M. I|’Ingenisur G. Lori, 
Secretaire General), or the Secretariat de |’ Associa- 
tion Internationale Permanente des Congres de la 
Route, 1 Avenue d’Iena, Paris. 

Details of the arrangements for the congress and the 
time schedule, as well as directions in regard to travel 
and lodging, will be published later. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department’s free supply 
is exhausted and no funds are available for procuring additional copies, applicants are 
referred to the Superintendent of Documents, Government Printing Office, this city, who 
has them for sale at a nominal price, wnder the law of January 12, 1895. Those publica- 
tions in this list, the Department supply of which is exhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish pub- 
lications free. 


DEPARTMENT BULLETINS 


No. 105. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 
*136. Highway Bonds. 20c. 
220. Road Models. 
257. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370. ey Results of Physical Tests of Road-Building Rock. 
C. 
386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388. Public Road Mileage and Revenues in the New 
England States, 1914. 
390. Public Road Mileage in the United States, 1914. A 
Summary. 
*393. Economic Surveys of County Highway Improvement. 
35¢. 
407. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
*463. Earth, Sand-Clay, and Gravel Roads. 15c. 
*532. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 
*537. The Results of Physical Tests of Road-Building Rock 
in 1916, Including all Compression Tests. 5c. 
*555. Standard Forms for Specifications, Tests, Reports, 
and Methods of Sampling for Road Materials. 10c. 
*583. Reports on Experimental Convict Road Camp, Ful- 
ton County, Ga. 25c. 
*586. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1916. 10c. 
*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building Rock 
in 1916 and 1917. 
*691. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 
*704. Typical Specifications for Nonbituminous Road 
Materials. 5c. 
*724, Drainage Methods and Foundations for County 
Roads. 20c. 
*1077. Portland Cement Concrete Roads. 15c. 
*1132. The Results of Physical Tests of Road-Building Rock 
from 1916 to 1921, Inclusive. 10c. 


No. 1216. Tentative Standard Methods of Sampling and Test- 


ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use in 
connection with Federal-aid road construction. 


1259. Standard Specifications for Steel Highway Bridges, 


adopted by the American Association of State High- 
way Officials and approved by the Secretary of 
Agriculture for use in connection with Federal-aid 
road construction. 


DEPARTMENT CIRCULAR 


No. 94. TNT as a Blasting Explosive. 


No. *338. 


FARMERS’ BULLETINS 
Macadam Roads. 5c. 


*505. Benefits of Improved Roads. _ 5e. 
SEPARATE REPRINTS FROM THE YEARBOOK 


NOs Sere 
*739. 


Design of Public Roads.  5e. 
Federal Aid to Highways, 1917. 5c. 


*849, Roads. 5c. 


No. *45. 


OFFICE OF PUBLIC ROADS BULLETIN 


Data for Use in Designing Culverts and Short-span 
Bridges. (1918.) 15c. 


OFFICE OF THE SECRETARY CIRCULARS 


No. 49. 
59. 


63. 
lt ey 


73. 
74, 
161. 


Motor Vehicle Registrations and Revenues, 1914. 

Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 

State Highway Mileage and Expenditures to January 
1, 1916. 

Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 
5 


c. 

Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 

State Highway Mileage and Expenditures for the Cal- 
endar Year 1916. 

Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Highway Act and 
Amendments Thereto. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 


Vol. 5, No. 17, D-2. Effect of Controllable Variables Upon 


the Penetration Test for Asphalts and 
Asphalt Cements. 


Vol. 5, No. 20, D-4. Apparatus for Measuring the Wear of 


Concrete Roads. 


Vol. 5, No. 24, D-6. A New Penetration Needle for Use in 


Testing Bituminous Materials. 


Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 


crete Slab Subjected to Eccentric Con- 
centrated Loads. 





—_ 


* Department supply exhausted. 


THE GASOLINE TAX IN 1924 



























































|Tax rate Amount applied to 
States eet eenisi, | Gross receipts 1924 | Tate. ton of State 
1924 highway departments 
Cents 
Alabama | 2 $1°799,001 Ese a ea Bae 
Arizona 3 730,838 $365,419 
Arkansas 4 2,768,535 2,268,535 
California ! - 11,993,222 5,996,611 
Colorado 2 1,725,957 819,830 
Connecticut !. 1 978,283 978,283 
Delaware . 2 304,392 304,392 
Florida . 3 3,658,677 2,575,199 
Georgia S 4,527,471 1,509,157 
Idaho 2 545,672 545,672 
Illinois . ae (No; tat): Wis. seas sen Soe eee 
Indiana. 2 4,925,372 4,187,855 
Towa Wt oc Wee sory ae) Reeoee ae | (No. tax) (bo Jer ee oe oe 
Kansas . (2) - CINGS tax) See ie eee 
Kentucky . 3 1,660,938 1,660,938 
Louisiana . 2 1,335,320 1,335,320 
Maine . 1 522,250 522,250 
Maryland . y 1,588,422 1,111,895 
Massachusetts soi, .288) 2 Yen ee eee CNo tax) Cie ae ae = ae 
Michigan . (*) - (No tak)” hohe. eek ee 
Minriésota. os 4) 2.2% ne deel ees CNo tas ahaa. ee ee ee ee 
Mississippi ! 3 1,648,748 787,319 
WMisscinie’y 430) an ce cl eee eons (No 4as) eee ee ees eee 
Montana 2 619,295 123,859 
Nebiaskd's ai ses SS ee eet (NG $a) et ees e sce eee ae eee 
Nevada. o%3 2 162,596 60,000 
New Hampshire. 2 587,845 587,845 
New jersey” a? CoS be hee (NO: tax) Pile toe eee 
New Mexico . 1 194,983 185,234 
New York. ae ba ge Ses ean ee pee a (No £35) Oi cee ee ie cee 
North Carolina . a3 4,529,048 2 4,520,000 
North Dakota ] 442.900 ee 2a Fane er 
Ohigs Glas. S046 So eal eee CNo'tax)'s 4 aen Se oe ote ee 
Oklahoma. 25 2,983,501 1,544,600 
Oregon . 3 2,698,778 2,582,890 
Pennsylvania. 2 9,089 5410 Uh aie et re ye 
Rhodeiislaninis «., WA - + uate ced CNertax yy Wiss ces Oe 
South Carolina ! =f 2,186,137 728,889 
South Dakota 2 1,205,155 1,106,635 
Tennessee . 22 1,812,235 1,812,235 
Texas 1 3,892,769 2,919,577 
Utah ! 235) 684,361 682,985 
Vermont !. 1 230,865 230,865 
Virginia. 3 3,313,188 $2,208,571 
Washington 2 2,635,411 2,635,411 
West Virginia. 2 1,231,944 1,231,944 
Waseunsiti Sis os ewe Fw eee ee (No fay ase Bee ee 
Wyoming. ... 8 200,319 200,319 
District of Columbia 2 380,792 380,792 
Totals. . Sao rl ea el $79,734,490 $48,711,792 





1 Data given cover calendar years, except for the following States, where fiscal years end as shown: 
California, Jan. 31; Connecticut, June 30; Mississippi, South Carolina, Utah and Vermont, Nov. 30. 
2To date in 1925, these States have enacted new gasoline tax rates effective as follows: Kansas, 2cents 
(May 1); Michigan 2 cents (Feb. 15); North Carolina, 4 cents (Mar. 5); Tennessee, 3 cents (Feb. 9); 


Wyoming, 24 cents (Mar.). 


3 Approximate. 
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